The HAUSAT-2 is a 30kg class nanosatellite which is stabilized by 3-axis active control method. Its main mission objectives are to provide studying the scope of activity and ecology of animals using Animal Tracking System (ATS) and collecting the space information data of mission orbit from Electric Plasma Probe (EPP) as a space science payload. 2-axes sun sensors, 3-axes magnetometer, and star tracker are implemented to determine the attitude position. In HAUSAT-2, attitude control algorithm will combine B dot algorithm and PD control method. B dot algorithm will be used in initial mode, whereas PD control method will be used in on-orbit mode. Each control law is implemented with Pulse-Width Modulated(PWM) on-off control, and it was shown to work equally well with the original continuous and variable strength control law. This paper also addresses the performance of attitude control results using pitch momentum bias control method in initial mode and on-orbit mode.
INTRODUCTION
A pitch bias momentum method is one way of stabilizing a satellite attitude in 3-axes. This method enables control in the roll and yaw directions by pointing the rotational axis of the momentum wheel that has angular momentum in the pitch direction of the satellite (perpendicular to orbital plane). Many communication satellites operated in GEO today incorporate this method. HAUSAT-2, currently being developed by Space System Research Lab. (SSRL), is a 30kg nanosatellite that will rotate in a sunsynchronous orbit at 650km altitude. Nanosatellites such as HAUSAT-2 generally use magnetic torquer as an actuator for 3-axes attitude stabilization. In case of low earth orbit observation satellites, propulsion system and reaction wheels are used for quick and precise attitude control. Magnetic torquers used by nanosatellites use the earth's permanent magnetic field and have an advantage over other actuators in that the torquers are relatively light weight. However, the disadvantage is that the torque generated is limited according to the earth's magnetic field which results in a longer stabilization time, and having a lower attitude control precision. HAUSAT-2 attitude control system is crucial in carrying out the missions including space observation, animal tracking, communicating with the ground station, and performance verification of a star tracker, first domestically developed by Korean Company. Pitch bias momentum method has been chosen in consideration for the operation of a star tracker, which requires higher pointing accuracy. In this paper, an appropriate operation method and performance verification for the actuator according to each satellite operation mode have been verified, when pitch momentum bias method is used for the HAUSAT-2 attitude control and stabilization method.
DESIGN CONCEPTS AND REQUIERMENTS OF HAUSAT-2 ADCS
HAUSAT-2 is a 30kg class nanosatellite and is limited in size, weight, and power compared to other generic satellites. Accordingly, power consumption and mass becomes the biggest restricted factor in designing a satellite attitude control system. The allocated budget for HAUSAT-2 ADCS is 4kg for mass, and 5.5W for power. The sensors and actuators design must fit under this budget constraint. ADCS is consisted of sensors that determine the attitude, and actuators that correct the attitude. Since HAUSAT-2 is a small satellite that suffers from more stringent limitations on mass and power, simple yet reliable parts were used in the development. HAUSAT-2 incorporates sun sensors and magnetometers for the sensors, and a momentum wheel (MW) and magnetic torquers (MTQ) for the actuators. Figure 1 shows ADCS components mounted on HAUSAT-2, and Table 1 lists each component specifications. 
Initial Mode
The initial attitude acquisition mode is an attitude control mode for detumbling the satellite. This mode is also applied when the satellite is lacking mission requirements, onboard computer resets, or an anomaly has been detected during the mission phase. Bdot logic is implemented in this mode, as generally used for controlling initial angular velocity. [1] [2] [3] Figure 2 illustrates the result of the simulation. As shown in Figure 2 , angular velocity stabilizes to a consistent velocity (approx. twice the orbital rate). Therefore, when the angular velocity falls within a predetermined range for mission phase, the attitude control mode changes to a mode for mission execution (science mode). 
Mission Mode
The science mode is the mission execution mode of HAUSAT-2. In this mode, a desired earth pointing precision is achieved by attitude control to less than ± 1° pitch pointing error, and less than ± 3° roll and yaw pointing error. HAUSAT-2 controls its attitude using pitch momentum bias method, and controls attitude in pitch axis using MW as well as taking out nutation and precession in the pitch direction using MTQs. [1, 4] Figure 4 shows the simulation results. As shown in Figure 4 , HAUSAT-2 pointing precision requirement of less than 0.5° in pitch axis is satisfied. The momentum wheel is the most important actuator for HAUSAT-2 that utilizes pitch bias momentum method. In general, attitude control reliability of MW is guaranteed by having a backup wheel in case of an anomaly in the main MW. However, such design cannot be accommodated in nanosatellites such as HAUSAT-2 due to design limitations. This is why an attitude control method using only 3-axes MTQs was also considered for HAUSAT-2 for improvement in system reliability, in case of a MW failure.
[5] 
CONCLUSION
HAUSAT-2 uses momentum wheel and magnetic torquer coils as actuators for attitude control, as well as pitch bias momentum control method. It has been shown through simulations that this method satisfies the initial attitude acquisition and pointing precision mission requirements. In addition, mission execution using only the MTQs has also been analyzed in case of a MW failure, and such performance also meets HAUSAT-2 attitude control requirements. It has been verified here that pitch bias momentum method is a control method applicable to HAUSAT-2. A more detailed verification that takes into account attitude control method for momentum dumping, detailed magnetic field/disturbance model, and sensor noise is being carried out.
